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Hi.gh-Spmed Videography Combined with an X-Ray Image
Intensifier for Dynamic Radiography

Lawrence E. Bryant, Jr.

Nondestructive Testing Unit, Los Alamos Nationnl Laboratory
Hail Stop C914, P. O. Oox 1663, Los Alamos, New Hexico 87545

Abstract

The Spin Physics SP-2000 high-spead video systerrr can be combined with an x-rcy source, a
dynamic event having internai (not directly visible) movament and an x-ray image intensifier
to perform dynamic radiograph.

The cesium iodide input fluGr and P-20 output I’luor OC tha image intensifier hnve rapid
decay to allow x-ray imaging up to 12,000 pictures per sacon<.

Applications of thla teohnique include internal functioning of a compressor, turbulant-
water actio~ and other mechanical actions.

Introduction

High-speed videography 1s an excellent technique for analyzing high-~peed events, whioh
can be optically imaged. Sometimes, however, the dynamic ●vent is internal or partially
internal such that it cannot be thoroughly diagnosed with a direct, optical ●pproach.

X-ray, or using the more general term, radiography, has baen used for years to image
internal conditions, both statically rind dynamically.
‘fluoroscope’! and 1s today generally termed

This approach was initially termed
‘real time radlography,n The ttchnique uaas a

fluor, i.e., CaWOU or Gd2(12S, to convert a temporally and spatially varying x-ray beam to P
visible llilage.

The next step :nn be direct observation, lmnge intensification, video camera viewing or
film camera viewing or cartaln combinations of these. The technique 1s uaad medically, in
airport inspections, industrially, and scientifically, It normally views slow ::oving events
or static objects which are bainu translated, rotated, etc.
involved,

Where a video camera is
it is frequently a vldicon or perhaps n newvlcon, plumbieon or other type. r10

video signal may be recorded and if plnyed brick, it lB at *he same frnmas per second rata
with Pc, }I:lps ~ome l~pauscll viewing with little or no intention to “S1OM down” tha lfiternnl
nctlon.

Prevloua high-s~eed rndloErnphlc technl~u~a—— ..- .— -.

Radiography of high-speed events has J.lSO b~en ?erformed. (lna prominent teohnlque ia
“flash x-rayw where short rlur~ltlon x-my pulsms, i.e., ~0 ns, arn ucled to mxposo faat
film/scr~en cnmblnntlnns to give n stop motion lma~m. A number of these individual setups
mny hc mndn for multiple :moges, ●lthcr sequentlml or diff’wront. perspoctlves, or buth, hut
thtr irmount of equlpmnnt required becomes lmprncticnl for more than scvoral frames,

Hluh-speed rilm onmeras nlso cnn be mmplvycd to ohsorvo n fluor or tho output of on
imuge intrrnniflcr for x-my imnfilng. Ihcnuse of tenhniqtle d~vel,,llment d,mlnys in flndinR tho
prup-r ●xponurn, dolnyn in film procenalng nnd I.hc amnll rormnt. of th, film imogns, this
npprl]nf:h 1s not in f’r~quent, usm.

High-speed videugrn~u unmb!nr!rl with d~nnmlo radl(j~r~h~-—.—- —--- ----- . —— . .. . — —

In nn effort to overcnmo thn problnms Plcrbt)ratert in ttle nbovm s?etlon, l,or! Alnmos hns
coml]lu~!d our recently ~aqulrmd 5pIrI Phynlcs Hntlnrr Annlyyla System with x-my sources,
dynnmlr! (nt.@rrlnl r?ventfi nnff n x-my ImnRn lnLenfilf’lPr to perform hiRh-spnn(l ronl timn
rndiotiruphy. Thfr met.lp 1s nhown nchfrmntlonlly In Fi~ur~ 1,



The axis of radiation
The event or obiect with

is normally centered on
dynamic internal action
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the input circle of the image intensifier.
is Positioned between the radiation source

and image inten~ifier, normally closest to the lutte”r with the region of interest ce:ltered
on the image intensifier. There are a number of types of x-ray image intensifiers (tyoical
one is schematically shown in Figure 2) . The ore used in these experiments is a Precise
Optics, 9-inch diameter input model. The input flucr IS cesium iodide, which has a
decay constant of 650 ns and the output fluor is a P20 type with a decay constant of 85 ns.
These are sufficiently fast decays for imaging up to 12,000 pictures per second with no
noticeable lag. It is not necessary to gate the x-ray source or tl]e image intensifier, The
cesium iodide fluor in this particular intensjfler is useful for imaging -rays from
approximately 50 kilovolts to 5 MeV, a wide range of energies applicable to a variety of
objects or events.

The Spin Physics camera is mounted at the output fluor port of the x-ray image
intensifier. The starldard zoom lens was replaced with a Canon ’50 mm Video Lens set at f/.95
and focused at infinity. This lens used more efficiently the available light from the
fluor. The camera is shielded with an appropriate thickness of lead from any direct
radiation. The object or dynamic event may be masked with lead to prevent excess radiation
from strikinfl the input fluor and degrading the radiographic image.
the Spin Physics System

The control console for
is located in a radiation s?fe area near the x-ray generator

controls, The console 1s connected to the high-speed camera by one or more extension cables
as nec(*ssary,

~~~ications

Thus far our applications have been either demonstrations or those not suitable to show
a general audience. Therefore, several of the demonstrations will serve to illustrate this
technique. It should be noted thnt the best way to view the results is to watch the video
tdpe playback. TIIIs npproach will be used for 2,5 MeV riynamiu radiography of a two-cylinder
compressor with recording at 500 f’ps and visualization of pistons, n connecting rod and the
crank shaft. This is also the only meaningful way to visuallzc the 150 pkv rodiofiraphy of a
room fan running ;lt several speeds with and without oscillation, The main feature in a
series of’ recordinK3 up to 200C fps, is the action of the worm g,enr.

For purposos of this paper and presentation of still im~Kes, rn(llo~roph) ;1t,
of ri clock and turbulent wi~ter in arl nluminurn pipe nre prest!rltt’[1.

Fl~ure 3 SIIOWS two radiogr;]phlc imn~e:3 of t,he clock recorded It ?00 fps.
notahlrj fea!,~lr,! is tile l)ll~j]nc(. whl~ol In t})c center-.ri~}lt, r{!flion of I,hr? pi[!t,ure
rotatod ab[)llt 90’ :n 0.0?5 seoorld,

.
,;01)(1 I .I[ll!)p, r ll)t}ll~ l)r;l(~tlt$t! .1:1 t,{) ,71.t 1111’I{I*clIIII~I,I,y;IIIIIm;l:lkl!ll?I)

11, In Ill)pf.(t Lll:ll, Ilt, 1}]0 tloxl. III*$I*LII IV, ,)f” t,lll:l $,rlllll) t,llorm WI
111)1)11(. :11, l{}fti l)r 1,11!3 t, f!\lllllllll l*,

Hwol.i{ f)~r.ru)lrllriclI)ll!ll, r I Ill,!Ill:lpi!, (,:l or I 11!. 11, :’,

;If>l):lr! ,~ll$tlt ‘),’ lflll~t’l(y, (:1)1111’:11’t ttt), w’/hl)’!-l:tt(;- :fl,
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